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(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to use 
inexpensive microballs and to reduce the cost of a 
display device by forming colored layers on the 
hemispherical surfaces on one side of the microballs by 
utilizing the photoconductivity. 
SOLUTION: This process for producing the display 
device has an electrification stage for electrifying the 
photoconductive balls 1 , an exposure stage for irradiating 
the partial surfaces of the conductive balls 1 in an 
electrification state with light, a coloring stage for 
forming the colored layers 2 by adhering an electrified 
coloring material to the bright part surfaces of the 
photoconductive balls 1 irradiated with the light or the 
dark part surfaces of the photoconductive balls 1 not 
irradiated with the light and a fixing stage for fixing the 
colored layers 2 to the surfaces of the photoconductive 
balls. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 Tills document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrification process which electrifies a photoconductivity ball, and the 
photoconductivity ball of an electrification condition a part The exposure process which 
irradiates light on a front face, The manufacture approach of the coloring ball characterized by 
having the coloring process which the charge of a coloring matter charged on the umbra front 
face of the photoconductivity ball with which the bright section front face or light of the 
photoconductivity ball with which light was irradiated is not irradiated is made to adhere, and 
forms a coloring layer, and the fixing process which fixes this coloring layer to this 
photoconductivity ball front face. 

[Claim 2] The manufacture approach of a coloring ball according to claim 1 that said 
photoconductivity ball has a zinc oxide. 

[Claim 3] In the manufacture approach of the display which displays by rotating the coloring ball 
equipped with two front faces where optical properties differ The process which makes a light 
transmission sheet distribute a photoconductivity ball, and the electrification process which 
electrifies this photoconductivity ball, The photoconductivity ball of an electrification condition a 
part The coloring process which the charge of a coloring matter charged on the umbra front face 
of the photoconductivity ball with which the exposure process which irradiates light on a front 
face, and the bright section front face or light of the photoconductivity ball with which it dipped 
in the dielectric liquid which has a charge of a coloring matter, and light was irradiated is not 
irradiated is made to adhere, and forms a coloring layer. The manufacture approach of the display 
characterized by having the fixing process which fixes this coloring layer to this 
photoconductivity ball front face, the process which distributes the ball with which this coloring 
layer was formed in a display medium, and the process which forms an electrode on this display 
medium front face. 

[Claim 4] The manufacture approach of a display according to claim 3 that said 
photoconductivity ball has a zinc oxide. 

[Claim 5] In the manufacture approach of the display which displays by rotating the coloring ball 
equipped with two front faces where optical properties differ The process which makes a light 
transmission sheet distribute two or more photoconductivity balls, and the electrification process 
which electrifies these two or more photoconductivity balls. The process which chooses some 
photoconductivity balls in these two or more photoconductivity balls with a mask, On the bright 
section front face of the photoconductivity ball with which it dipped in the exposure process of 
the selected photoconductivity ball which irradiates light on a front face, and the insulating liquid 
which has a charge of a coloring matter, and light was irradiated, in part Yellow, A Magenta, 
cyanogen, and the coloring process that any one electrified charge of a coloring matter is made 
to adhere among Black, and forms a coloring layer. The manufacture approach of the display 
characterized by repeating successively the fixing process which fixes this coloring layer to this 
photoconductivity ball front face, and forming a coloring layer in these two or more 
photoconductivity balls of all. 

[Claim 6] the process which the indicating equipment according to claim 5 has two or more pixels 
classified so that it might have two or more picture elements equipped with said two or more 
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photoconductivity balls, and chooses some photoconductivity balls in said two or more 
photoconductivity balls with a mask — this — the manufacture approach of the indicating 
equipment which is the process which chooses any one picture element with a mask in 1 pixel. 
[Claim 7] The manufacture approach of a display according to claim 5 or 6 that said 
photoconductivity ball has a zinc oxide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the display which 
displays by rotating the manufacture approach of a coloring ball, and this coloring ball. 
[0002] 

[Description of the Prior Art] In recent years, with development of information machines and 
equipment, the needs of a low power and a thin display are increasing, and research of the 
display set by these needs and development are performed briskly. Especially, a liquid crystal 
display can control the array of a liquid crystal molecule electrically, can change the optical 
property of liquid crystal, and development active as a display which can respond to the above- 
mentioned needs is performed, and it is commercialized. However, the burden to the include 
angle which looks at a screen, and the vision which the alphabetic character on a screen is hard 
to look at, and is produced from a flicker, low brightness, etc. of the light source by the reflected 
light is not yet solved fully by the current liquid crystal display. For this reason, research of a 
new display with few burdens to vision is considered briskly. 

[0003] as a new indicating equipment — N.K — the indicating equipment which used rotation of 
the minute ball by electric-field drive by Sheridon and others is proposed ("A twistingBall 
Display", Proc. of the SID. volume [ 18th ] No. 3/4. 289 - 293 pages. 1977, and a U.S. Pat. No. 
4126854 number ~ said ~ No. 4143103 ~ said ~ No. 5389945 and JP,64-42683.A). the inside 
of the cavity which one semi-sphere side of this ball is white, has become black [ the semi- 
sphere side of another side ]. and formed said ball in the base material using the ball with this 
minute indicating equipment — allotting — the inside of each cavity — high — it is filled up with 
a liquid [ **** ] and a ball enables it to rotate freely in this liquid In this case, the mutual 
electrification conditions of each semi-sphere part of the black and white of a ball differ, rotation 
can be controlled by the class of liquid to turn to the side which observes the white or the black 
semi-sphere side of a ball by giving external electric field, and the target display can be 
performed. 

[0004] Since it is very stable and has memory nature to a temperature change and an electric 
turbulence noise, while displaying such the mechanical method of presentation, it does not need 
power. Furthermore, in order to display using reflection and dispersion of the natural light on the 
front face of a ball, it is the ideal display which can stop the eye strain which happens by flicker 
of the light source which is seen with liquid crystal equipment and the Braun tube etc. 
[0005] By the way, the approach of making a glass bowl contain Ti02 in high concentration, 
whitening a glass bowl, using a vacuum deposition method for the semi-sphere side of this white 
glass bowl 41, and forming the insulating black layer 42 by Sheridon mentioned above, as the 
production approach of the minute ball colored the two color used for the indicating equipment 
by ball rotation, is proposed ( drawin g 4 ). 

[0006] Moreover, the two-color ball is formed by the same ("A Newly Developed Electrical 
Twisting Ball Display". Proc. of the SID. volume [ 23rd ] No. 4, 249 -253 pages. 1982) approach, a 
vacuum deposition method is used for the semi-sphere side of the glass bowl which whitened, 
the coincidence vacuum evaporationo of MgF2 and Sb2S3 is carried out, and Saito etc. is 
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forming and classifying the black layer by color. Segregation is carried out and it produces by 
forming the surface state which consists of a different component so that it may heat-treat on 
the occasion of whitening of a glass bowl using the glass which consists of Li02 and three 
components of Ti02 and Si02 and light scattering may happen. 
[0007] 

[Problem(s) to be Solved by the Invention] The approach of two-color-izing of the ball which 
forms a black layer with vacuum evaporation technique on a white ball as shown in drawing 4 is 
an approach that production repeatability is high, in using thin film formation. However, in order 
to form membranes with a vacuum deposition method, there are many processes and 
productivity is low. 

[0008] In order to fix a minute ball in order to prevent a ball soaring according to the air current 
at the time of vacuum suction and the leak after membrane formation, and to collect the balls 
after membrane formation, it is necessary to cancel immobilization, and a limit is in the quantity 
which can be mass-produced in one batch by the reasons of taking time amount to reach the 
degree of vacuum which can carry out vacuum deposition. 

[0009] Therefore, it makes it difficult to produce a coloring minute ball to low cost. For this 
reason, the technical problem that the ingredient cost of a display was high and could not 
manufacture the display itself cheaply occurred. When commercializing such an indicating 
equipment, low costHzation of a coloring ball was desired. 
[0010] 

[Means for Solving the Problem] The indicating equipment of this invention which attains this 
purpose is an indicating equipment which displays when a minute ball rotates, is forming 
electrification and exposure, and the coloring ball that carried out the development and colored 
the semi-sphere front face of a minute ball using a photoconductivity, and becomes possible 
[ coming to hand and producing a coloring minute ball cheaper than vacuum evaporation 
technique ]. 

[0011] Or using a photoconductivity, electrification and exposure, and after carrying out a 
development and coloring white one semi-sphere front face of a minute ball, contrast becomes 
possible [ coming to hand and producing a cheap coloring minute bail highly ] by forming the 
coloring ball which colored the semi-sphere front face of another side colors other than white. 
[0012] Furthermore, it becomes possible to come to hand and produce a cheaper coloring minute 
ball by it not being necessary to color white and, if a white zinc-oxide ball is used, and forming 
electrification and exposure, and the coloring ball that carried out the development and colored 
only the semi-sphere front face of a minute ball colors other than white using the 
photoconductivity of a zinc oxide. 
[0013] 

[Embodiment of the Invention] An example of the drive principle of the display of this invention is 
explained using drawing 9 . The indicating equipment of this invention consists of an electrode 6 
for rotating this coloring ball and making a desired coloring layer side display it as the display 
medium which consisted of a coloring ball in which the coloring layer was formed, a base material 
5 supported for this coloring ball, enabling free rotation, and a cavity 7 for a coloring ball to 
rotate free, and a driving means which consists of 6' and a power source 8. Moreover, this cavity 
is filled with the dielectric liquid. The coloring layer 2 just displays a pigmented layer which is 
different, in view of an observation side by using the color of the reflected light, and the 
difference of reflectivity. By covering a coloring layer on a minute ball front face, two front faces 
where optical properties, such as a color of the reflected light and reflectivity, differ are made. 
[0014] Moreover, as a configuration of a minute ball, what is necessary is just the thing of a 
curved-surface configuration like a solid sphere. 

[0015] Transfer of a charge is performed between a particle and a liquid, as for the particle in a 
liquid, an electric double layer is formed, and it is known that a particle will be charged in forward 
or negative. With the minute ball of this invention, the coloring layer 2 is formed in a semi-sphere 
front face, and since it has not colored, other semi-sphere sides have the field which consists of 
two different matter. Therefore, a cation particle or an anion particle carries out specific 
adsorption to a coloring ball front face from an insulating liquid, and surface potential arises on a 
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coloring ball front face. For this reason, in an insulating liquid electrification charge properties 
will differ in each field, and it comes to have the dipole moment in the direction of a pole of a 
coloring ball. . If electric field are impressed to this coloring ball, on a coloring ball, the torque 
which is going to arrange that direction of a pole in the direction of electric field will work, and a 
coloring ball will arrange one of semi-sphere sides with an one direction. Supposing a non- 
colored field carries out minus electrification and the coloring layer is carrying out plus 
electrification like drawin g 9 , a coloring side will come to the electrode 6 with which minus was 
impressed to electrode 6* to which plus was impressed with the power source 8 for the un- 
coloring side. When this observes the display of this invention from the drawing upper part, a 
coloring layer (black) can be seen. If the direction of electric field is reversed, it is reversed, and 
when a photoconductivity ball is a white ingredient, white can be seen [ a coloring ball ] towards 
a coloring side observation-side. 

[0016] The foreground color according to the polarity of this electrical potential difference can 
be displayed by operating orthopedically the display medium which consisted of base materials 5 
which have the inside of the cavity 7 filled with the coloring ball and the insulating liquid, 
arranging two or more electrodes to the vertical side of a display medium, and impressing an 
electrical potential difference to inter-electrode [ by which opposite arrangement was carried 
out ], as shown in drawing 10 . 

[0017] Although it is possible to use organic solvents and water, such as toluene and an acetone, 
that what is necessary is just the high liquid of electric insulation as a liquid used for the 
aforementioned insulating liquid, it is desirable to use the liquid of a non-volatile so that the 
dielectric liquid which fills a gap may not volatilize, especially — silicone oil — the content of ion 
or an impurity — low — high — it is a liquid [ **** ] and is desirable. Moreover, an insulating 
liquid contacts a coloring ball, makes the coloring ball front face which has the field which 
consists of two different matter surface-activity-ize, and has the property which induces two 
different electrification charge conditions. 

[0018] Since advancing side by side of a coloring ball is prevented if possible and it has memory 
nature as a dimension of cavity 7 **, about [ than a coloring ball / somewhat larger ] is desirable. 

[0019] Moreover, as an electrode used for driving a coloring ball, in view of an observation side, it 
is required to be light transmission so that the coloring layer formed in the front face of a minute 
ball can be observed. For this reason, transparence electric conduction film, such as Sn02, Ti02, 
ZnO, and ITO, is used. 

[0020] As a base material (light transmission sheet), in order to display the coloring layer of a 
minute ball, an optically transparent thing is required and hard resin and silicone rubber, such as 
polyethylene and polystyrene, glass, etc. are used. 

[0021] The indicating equipment of this invention is applicable to the light-receiving mold 
indicating equipment which displays image information, such as a character, a graphic, and video. 
Moreover, it can see like paper, and can move like paper, an image can be written in. an image 
can be copied, an image can be read, and it can apply also to the paper display which can 
eliminate an image. 

[0022] This invention is very good in another operation gestalt. In the 2nd indicating equipment 
of this invention, the configuration except distributing a coloring ball in the cavity (cavity) formed 
in the base material (light transmission sheet) with the transparent insulating liquid is taken. The 
configuration between which only an insulating liquid is made to be placed between coloring balls 
is taken. 

[0023] One example of the 2nd display of this invention is explained using drawing 1 1 R> 1 . As 
for the coloring ball 1005, the coloring layer is covered by the semi-sphere front face of a 
photoconductivity ball (not shown). It constitutes from space which closed the space between 
the 2nd transparence substrate 1004 which carries out phase opposite with the 1st transparence 
substrate 1002 which has the 1st transparent electrode 1001, and the 1st transparence 
substrate, and has the 2nd transparent electrode 1 003 by the closure section (not shown), and 
between the coloring balls 1005 in this space is filled up with the insulating liquid 1006. The 
closed space is filled up with an insulating liquid and the condition that the coloring ball was 
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distributed in the insulating liquid is shown. That is. the configuration which closes the display 
medium which consists of a coloring ball 1005 and an insulating liquid 1006 with the transparence 
substrate which has a transparent electrode is taken. 

[0024] Furthermore, wavelength fields other than a light wavelength field of the display of this 
invention are sufficient as the reflected light. For example, the interior of a room can apply the 
display of this invention also in an infrared light wavelength field. 

[0025] Although either an inorganic material or an organic material is OK as an ingredient of a 

minute ball as long as there is a photoconductivity, especially a white zinc oxide is desirable. In 

addition to a zinc oxide, photoconductivity matter, such as a cadmium sulfide, a selenium, silicon, 

and a copper phthalocyanine, may be used as a main raw material, and spectral sensitization 

material, binder resin, the charge transportation matter, etc. may be added to this. 

[0026] As a dimension of a minute ball, a thing 200 micrometers or less is desirable so that the 

diameter of a ball may serve as magnitude of 1 pixel or less as a display. 

[0027] As an example of the minute ball formation approach of this invention, the zinc oxide 

solution which grinds and classifies the lump of a zinc oxide as the formation approach of a zinc 

oxide ball can be breathed out from a nozzle, and it can consider as minute ball shape by the 

approach of making a solvent evaporate in an instant etc. 

[0028] Or a minute polymer ball may be made to distribute the particle of a zinc oxide. 
[0029] As the formation approach of a coloring ball, it uses that the above-mentioned minute ball 
has a photoconductivity, and a minute ball is electrified, it exposes from one side on a minute 
ball, and a coloring layer is formed in the semi-sphere front face of a minute ball by being 
developed negatives and established. Each process of electrification, exposure, development, and 
fixing applies to electrophotography. Electrification can use corona discharge. Exposure can use 
the light of the wavelength according to the property of a photoconductivity. It is with a coloring 
toner particle or a magnetic toner, and heat fixing is carried out and carried out, or development 
can be developed in electrified ink or can also be colored with plating. 

[0030] Although development was possible also for any of the positive type with which an umbra 
is colored, and the negative mold (the so-called reversal development) with which a bright 
section is colored conversely, drawing 3 showed the example of a negative mold. 
[0031] The principle which only the semi-sphere of the minute ball which has a 
photoconductivity is colored is explained briefly. 

[0032] If the insulator layer from which the thickness of a configuration like drawing 6 installed 
on the conductive substrate differs is electrified, corresponding to thickness, surface potential 
will become high. Similarly, if a minute ball is electrified on a conductive substrate, the surface 
potential will not be uniform, the part near a conductive substrate will have low surface potential, 
and, as for the top-most-vertices section of the furthest ball from a conductive substrate, 
surface potential will become high. 

[0033] If positive development is carried out with the toner of reversed polarity in the state of 
this dark, toner concentration will change according to surface potential, and it will be colored 
with [ the top-most-vertices section is deep, and the part near a conductive substrate is thin, 
and ] continuous concentration distribution ( drawing 7 ). 

[0034] Moreover, when homogeneity exposure is changed into said electrification condition from 
the ball top-most-vertices section, since the ball is opaque, the ball lower part from which only 
the upper part of a ball becomes conductivity and serves as a shadow is still high resistance 
( drawing 8 ). The surface charge of the ball top-most-vertices section passes through the 
interior of Ball toward a conductive substrate, and it flows ( drawing 8 broken-line arrow head), 
and it recombines with the electron hole by which the trap was carried out, and surface charge 
disappears. If reversal development is performed impressing bias voltage for this between a 
development counter and a conductive substrate using the toner of surface potential and like- 
pole nature, only the semi-sphere upper part will be colored. 

[0035] Moreover, although the electrofax is known as a thing adapting the xerography using a 
zinc oxide, since it makes a zinc oxide spherical in this invention and the reversible display is 
conventionally enabled by coloring only the semi-sphere and rotating this, it is an essentially 
different display system. 



http:/ / www4.ipdLncipi.gojp/cgi-bin/tran.web.cgi.ejye 



05/06/28 



JP.11-085069.A [DETAILED DESCRIPTION] 



5/7 ^-i? 



[0036] 

[Example] It explains to a detail using an example below. 

[0037] (Example 1) Drawing 1 is the sectional view of the minute ball used for the indicating 
equipment of this invention. Drawing 2 is drawing explaining the color of the minute ball which 
appears from the observation side when irradiating the natural light 4. A minute ball consists of a 
photoconductivity ball opaque in a light wavelength field, and the coloring layer is formed in the 
semi-sphere side. When it sees from an observation side and a minute ball coloring-side turns to 
an observation side from drawing 2 , the color of a coloring layer will be seen ( drawing 2 (a)X and 
when an un-coloring-minute ball side turns to an observation side, the color of the ground of a 
photoconductivity ball can be seen ( drawing 2 (b)). 

[0038] Drawing 3 is the sectional view showing the process of the formation approach of the 
minute ball of this invention. In this example, the zinc-oxide ball with an average diameter of 50 
micrometers was used as a photoconductivity ball 1. The minute ball was sprinkled on the 
conductive substrate 1 1 which consists of an aluminum sheet, 2kV corona electrical charging 
was given to this front face, from the front face, uniform exposure was carried out, the black 
toner with an average diameter [ of LBP-A408 made from canon ] of 5 micrometers performed 
reversal development continuously, and it heated at 1 80 degrees C, and the toner was fused, it 
was established (un-illustrating), and the black coloring layer 2 was formed ( drawing 3 ). 
[0039] In addition, 350nm ultraviolet rays were used for exposure in consideration of the spectral 
characteristic of a zinc oxide. 

[0040] (Example 2) By the same approach as Sheridon which mentioned this colored minute ball 
above, it mixed in the elastomer and shaping hardening of this was carried out at the shape of a 
sheet, by being immersed in silicone oil and making it swell this elastomer sheet, the cavity was 
formed in the perimeter of each minute ball, and the sheet-like display was produced. 
Specifically, said minute ball was distributed in 2 liquid type silicone rubber (Dow Corning sill pot 
184). Next, this dispersed system was developed with a thickness of about 100 micrometers in 
the shape of film on the glass substrate, and heat hardening of this silicone rubber was carried 
out on 100 degrees C and the conditions of 1 hour. Next, exfoliated the above-mentioned minute 
ball dispersion hardening rubber sheet from the glass substrate, and it was immersed into the 
silicone oil (Toshiba Silicone make) of viscosity 1 cs for 24 hours, this rubber sheet was made to 
swell, and the cavity (five to 10 micrometer clearance) was made to form in the perimeter of a 
minute ball. Next, said rubber sheet was made to pinch with a glass substrate with an ITO 
electrode layer, and the display was produced. When the electric field of **100V were impressed 
to this indicating equipment, and a minute ball rotated within a cavity, the semi-sphere side 
which formed the coloring layer in the observation side according to the polarity of electric field, 
or the non-formed semi-sphere side appeared. The speed of response was 50 or less ms. When 
the (+) side came in detail, the minute ball rotated, the semi-sphere side [ **** / un-] appeared, 
and the display became white from the observation side. [ of the electric field impressed to the 
observation side ] When the polarity of electric field was changed, the semi-sphere side with a 
coloring layer appeared, and black was displayed. That is, in the indicating equipment of this 
invention, the coloring layer was able to be formed only in the semi-sphere side of a white zinc 
oxide ball, and the display equivalent to the conventional technique was able to be offered 
cheaply. Under the present circumstances, the contrast ratio was about 5:1. Moreover, the 
angle-of-visibility property was **85 degrees or more. That is. in the indicating equipment of this 
invention, the display equivalent to the coloring ball which formed the two-layer coloring layer 
only in the semi-sphere side of a transparent glass bowl, and formed the black layer in the white 
ball of the conventional technique was able to be offered. 

[0041] As shown above, it became possible to attain 2 color specification with the indicating 
equipment of this invention using a minute ball without the process which whitens. The minute 
ball used for this indicating equipment is easy to be able to use the minute ball of the zinc oxide 
of the white which can be received cheaply, and for the process colored further to also turn into 
a process which forms the coloring layer of a desired color only in the semi-sphere side of a 
minute ball, and to produce the minute ball in which 2 color specification is possible. It became 
possible to press down the price of a display low by this. 
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[0042] (Example 3) The 10wt% poly carbo resin THF solution was made to distribute a zinc oxide 
with an average diameter of 5 micrometers by 10wt(s)% concentration, it applied to the glass- 
bowl front face with an average diameter of 50 micrometers uniformly, and fixed support of the 
zinc oxide was carried out into the resin thin film on the front face of a glass bowl. Thereby, a 
photoconductivity and whitening were able to be performed to coincidence. The same means as 
an example 1 colored this. 

[0043] (Example 4) The minute ball which is not colored [ which consists of a zinc oxide ball with 
an average diameter of 50 micrometers ] was mixed in the elastomer by the same approach as 
an example 2, and shaping hardening of this was carried out at the shape of a sheet. The 
elastomer sheet was made to swell, charging and exposing, being immersed in the silicone oil 
which dissolved the black ink which uses Nigrosine as a principal component for this elastomer 
sheet, and carrying out liquid development of the zinc-oxide ball to this. And it was fixed to 200 
degrees C by having carried out heating maintenance for 1 minute, and the black coloring layer 
was formed. Excessive ink was continuously washed by ink non-added silicone oil, and the 
minute ball which colored the semi-sphere front face was obtained, and the cavity was formed in 
the perimeter of a minute ball, and the sheet-like display was produced. 

[0044] (Example 5) It exposed carrying out a blue picture element mask in the case of yellow, as 
it is charged and the elastomer sheet ( drawing 5 (a)) was illustrated to drawing 5 (b) in the 
example 4, and negatives were developed by yellow, the Magenta (Green picture element mask), 
cyanogen (red picture element mask), and the silicone oil that dissolved the ink of one color 
among black (ND picture element mask = mask which has flat absorption in a visible region). 
[0045] Exchanging or moving a picture element mask, this processing was performed about each 
color, yellow, a Magenta, cyanogen, and four black picture elements were formed, and one pixel 
consisted of these four picture elements ( drawing 5 (c)). An image consists of two or more 
pixels. The image of a color is displayed by choosing each picture element of each pixel as white, 
yellow, a Magenta, cyanogen, or black. 

[0046] That is, the process which makes a light transmission sheet distribute two or more 
photoconductivity balls in this example. The electrification process which electrifies these two or 
more photoconductivity balls, and the process which chooses some photoconductivity balls in 
these two or more photoconductivity balls with a mask, On the bright section front face of the 
photoconductivity ball with which it dipped in the exposure process of the selected 
photoconductivity ball which irradiates light on a front face, and the insulating liquid which has a 
charge of a coloring matter, and light was irradiated, in part Yellow, A Magenta, cyanogen, the 
development process that any one electrified charge of a coloring matter is made to adhere 
among Black, and forms a coloring layer, and the fixing process which fixes this coloring layer to 
this photoconductivity ball front face are repeated successively, and a coloring layer is formed in 
these two or more photoconductivity balls of all. 

[0047] After coloring the semi-sphere front face of two or more minute white balls yellow, a 
Magenta, cyanogen, or black and producing two or more coloring balls by taking the manufacture 
approach of this example, compared with the case where distribute a coloring ball and a display 
is produced so that 1 pixel may be constituted from four picture elements on an elastomer 
sheet, a manufacture process becomes simple. 

[0048] (Example 6) Drawing 12 shows the outline configuration of an example using the 1 st 
operation gestalt of this invention of a display. Drawing 1 2 (a) is a top view and drawing 12 (b) is 
a sectional view. First, the rubber sheet 2104 which is made to distribute the coloring ball 2103 
stated in the example 1, and changes with the transparent lower ITO electrode 2102 on the PET 
film 2101 with a thickness of 100 micrometers with which the whole surface was covered was 
formed in 100 micrometers in thickness. The up ITO electrode 2106 stuck the PET film 2105 
with a thickness of 100 micrometers which has the transparent up ITO electrode 2106 by which 
patterning was carried out to the desired configuration on the sheet to apply to said rubber 
sheet 2104 and the sense which counters by pressure. Although the configuration and size of the 
up ITO electrode 2106 needed to be chosen according to desired resolution, in order to simplify, 
by this example, well-known 7 segment type was conventionally used for it. The pulse generator 
2107 was connected with each up electrode 2106, peak value 100V and the square wave of 50ms 
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of pulse width were impressed to all electrodes, and the whole surface was made into the white 
condition. Next, it checked that the display (a part of figure and alphabet) which the coloring ball 
2103 rotated only the part which is equivalent to the selected up ITO electrode when the pulse 
of reversed polarity is impressed with previously, black-ized. and used the combination of a 
segment configuration after choosing the thing of arbitration with a switch 2108 among the up 
ITO electrodes 2106 was possible. Moreover, when the pulse (the first pulse and like-pole 
nature) of reversed polarity was impressed to the starting black display segment with the 
previous pulse, it checked that a black display returned to a white display again. 
[0049] (Example 7) It changed into the configuration of 7 segment type used in the example 6, 
and the lower electrode 21 12 and the up electrode 21 13 consisted of stripe-like ITO electrodes. 
Stripe-like ITO electrode width of face and its inter-electrode spacing were set to 40 
micrometers. The lower electrode 21 12 and the up electrode 21 13 created the display arranged 
so that it may intersect perpendicularly mutually. The outline configuration of the display to apply 
is shown in drawing 13 (a) and 13 (b). Peak value 100V and the square wave of 50ms of pulse 
width were added to all the lower electrodes 211 2 and all the up electrodes 21 13 using the non- 
illustrated pulse generator, and the whole surface was made into the white condition. Next, when 
the lower electrode 21 12 and the up electrode 21 13 of arbitration were chosen, the above- 
mentioned pulse generator was used for inter-electrode [ which is built ] and the pulse of 
reversed polarity was impressed, the coloring ball 2103 rotated and black-ized in the field to 
which two electrodes cross. That is, by choosing the combination of the electrode which carries 
out pulse impression, it confirmed indicating the desired field by black. Furthermore, with the 
pulse which brings about a black display, it checked that the amount of black display returned to 
a white display again by impressing the pulse of reversed polarity. 
[0050] 

[Effect of the Invention] As explained above, in the indicating equipment which displays when a 
coloring ball rotates, the cheap minute ball could be used by forming a coloring layer in one semi- 
sphere front face of said minute ball using a photoconductivity, and it became possible to hold 
down the price of an indicating equipment low. 

[0051] That is, since there is also little effect of an air current like vacuum deposition, it is not 
necessary to fix a coloring ball. Moreover, the cost of materials was low held down by using a 
toner cheaper than a vacuum deposition ingredient. Since coloring was furthermore performed in 
atmospheric air, a tact time is shorter than vacuum deposition, productivity was able to improve, 
and the price was able to be made cheap by volume efficiency. 

[0052] Moreover, the zinc-oxide ball is white and obtained the high display of contrast using this 
ball. 

[0053] Furthermore, the screen was decomposed into two or more picture elements, and each 
picture element has been colorized simply and cheaply by coloring by the same approach as 
either yellow, a Magenta, cyanogen and black. Moreover, since the zinc-oxide ball is white, high 
contrast is shown. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of the display which 
displays by rotating the manufacture approach of a coloring ball, and this coloring ball. 
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PRIOR ART 



[Description of the Prior Art] In recent years, with development of information machines and 
equipment, the needs of a low power and a thin display are increasing, and research of the 
display set by these needs and development are performed briskly. Especially, a liquid crystal 
display can control the array of a liquid crystal molecule electrically, can change the optical 
property of liquid crystal, and development active as a display which can respond to the above- 
mentioned needs is performed, and it is commercialized. However, the burden to the include 
angle which looks at a screen, and the vision which the alphabetic character on a screen is hard 
to look at, and is produced from a flicker, low brightness, etc. of the light source by the reflected 
light is not yet solved fully by the current liquid crystal display. For this reason, research of a 
new display with few burdens to vision is considered briskly. 

[0003] as a new indicating equipment — N.K — the indicating equipment which used rotation of 
the minute ball by electric-field drive by Sheridon and others is proposed ("A twistingBall 
Display", Proc. of the SID, volume [ 18th ] No. 3/4, 289 - 293 pages, 1977, and a U.S. Pat. No. 
4126854 number — said — No; 4143103 ~ said — No. 5389945 and JP,64-42683,A). the inside 
of the cavity which one semi-sphere side of this ball is white, has become black [ the semi- 
sphere side of another side ], and formed said ball in the base material using the ball with this 
minute indicating equipment — allotting — the inside of each cavity — high — it is filled up with 
a liquid [ **** ] and a ball enables it to rotate freely in this liquid In this case, the mutual 
electrification conditions of each semi-sphere part of the black and white of a ball differ, rotation 
can be controlled by the class of liquid to turn to the side which observes the white or the black 
semi-sphere side of a ball by giving external electric field, and the target display can be 
performed. 

[0004] Since it is very stable and has memory nature to a temperature change and an electric 
turbulence noise, while displaying such the mechanical method of presentation, it does not need 
power Furthermore, in order to display using reflection and dispersion of the natural light on the 
front face of a ball, it is the ideal display which can stop the eye strain which happens by flicker 
of the light source which is seen with liquid crystal equipment and the Braun tube etc. 
[0005] By the way, the approach of making a glass bowl contain Ti02 in high concentration, 
whitening a glass bowl, using a vacuum deposition method for the semi-sphere side of this white 
glass bowl 41, and forming the insulating black layer 42 by Sheridon mentioned above, as the 
production approach of the minute ball colored the two color used for the indicating equipment 
by ball rotation, is proposed ( drawing 4 ). 

[0006] Moreover, the two-color ball is formed by the same ("A Newly Developed Electrical 
Twisting Ball Display", Proc. of the SID, volume [ 23rd ] No. 4, 249 -253 pages, 1982) approach, a 
vacuum deposition method is used for the semi-sphere side of the glass bowl which whitened, 
the coincidence vacuum evaporationo of MgF2 and Sb2S3 is carried out, and Saito etc. is 
forming and classifying the black layer by color. Segregation is carried out and it produces by 
forming the surface state which consists of a different component so that it may heat-treat on 
the occasion of whitening of a glass bowl using the glass which consists of Li02 and three 
components of Ti02 and Si02 and light scattering may happen. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, in the indicating equipment which displays when a 
coloring bail rotates, the cheap minute ball could be used by forming a coloring layer in one semi- 
sphere front face of said minute ball using a photoconductivity, and it became possible to hold 
down the price of an indicating equipment low. 

[0051] That is. since there is also little effect of an air current like vacuum deposition, it is not 
necessary to fix a coloring ball. Moreover, the cost of materials was low held down by using a 
toner cheaper than a vacuum deposition ingredient. Since coloring was furthermore performed in 
atmospheric air, a tact time is shorter than vacuum deposition, productivity was able to improve, 
and the price was able to be made cheap by volume efficiency. 

[0052] Moreover, the zinc-oxide ball is white and obtained the high display of contrast using this 
ball. 

[0053] Furthermore, the screen was decomposed into two or more picture elements, and each 
picture element has been colorized simply and cheaply by coloring by the same approach as 
either yellow, a Magenta, cyanogen and black. Moreover, since the zinc-oxide ball is white, high 
contrast is shown. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The approach of two-colorHzing of the ball which 
forms a black layer with vacuum evaporation technique on a white ball as shown in drawing 4 is 
an approach that production repeatability is high, in using thin film formation. However, in order 
to form membranes with a vacuum deposition method, there are many processes and 
productivity is low. 

[0008] In order to fix a minute ball in order to prevent a ball soaring according to the air current 
at the time of vacuum suction and the leak after membrane formation, and to collect the balls 
after membrane formation, it is necessary to cancel immobilization, and a limit is in the quantity 
which can be mass-produced in one batch by the reasons of taking time amount to reach the 
degree of vacuum which can carry out vacuum deposition. 

[0009] Therefore, it makes it difficult to produce a coloring minute ball to low cost. For this 
reason, the technical problem that the ingredient cost of a display was high and could not 
manufacture the display itself cheaply occurred. When commercializing such an indicating 
equipment, low cost-ization of a coloring ball was desired. 
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MEANS 



[Means for Solving the Problem] The indicating equipment of this invention which attains this 
purpose is an indicating equipment which displays when a minute ball rotates, is forming 
electrification and exposure, and the coloring ball that carried out the development and colored 
the semi-sphere front face of a minute ball using a photoconductivity, and becomes possible 
[ coming to hand and producing a coloring minute ball cheaper than vacuum evaporation 
technique ]. 

[0011] Or using a photoconductivity, electrification and exposure, and after carrying out a 
development and coloring white one semi-sphere front face of a minute ball, contrast becomes 
possible [ coming to hand and producing a cheap coloring minute ball highly ] by forming the 
coloring ball which colored the semi-sphere front face of another side colors other than white. 
[0012] Furthermore, it becomes possible to come to hand and produce a cheaper coloring minute 
ball by it not being necessary to color white and, if a white zinc-oxide ball is used, and forming 
electrification and exposure, and the coloring ball that carried out the development and colored 
only the semi-sphere front face of a minute ball colors other than white using the 
photoconductivity of a zinc oxide. 
[0013] 

[Embodiment of the Invention] An example of the drive principle of the display of this invention is 
explained using drawing 9 . The indicating equipment of this invention consists of an electrode 6 
for rotating this coloring ball and making a desired coloring layer side display it as the display 
medium which consisted of a coloring ball in which the coloring layer was formed, a base material 
5 supported for this coloring ball, enabling free rotation, and a cavity 7 for a coloring ball to 
rotate free, and a driving means which consists of 6' and a power source 8. Moreover, this cavity 
is filled with the dielectric liquid. The coloring layer 2 just displays a pigmented layer which is 
different, in view of an observation side by using the color of the reflected light, and the 
difference of reflectivity. By covering a coloring layer on a minute ball front face, two front faces 
where optical properties, such as a color of the reflected light and reflectivity, differ are made. 
[0014] Moreover, as a configuration of a minute ball, what is necessary is just the thing of a 
curved-surface configuration like a solid sphere. 

[0015] Transfer of a charge is performed between a particle and a liquid, as for the particle in a 
liquid, an electric double layer is formed, and it is known that a particle will be charged in forward 
or negative. With the minute ball of this invention, the coloring layer 2 is formed in a semi-sphere 
front face, and since it has not colored, other semi-sphere sides have the field which consists of 
two different matter. Therefore, a cation particle or an anion particle carries out specific 
adsorption to a coloring ball front face from an insulating liquid, and surface potential arises on a 
coloring ball front face. For this reason, in an insulating liquid, electrification charge properties 
will differ in each field, and it comes to have the dipole moment in the direction of a pole of a 
coloring ball. . If electric field are impressed to this coloring ball, on a coloring ball, the torque 
which is going to arrange that direction of a pole in the direction of electric field will work, and a 
coloring ball will arrange one of semi-sphere sides with an one direction. Supposing a non- 
colored field carries out minus electrification and the coloring layer is carrying out plus 
electrification like drawing 9 . a coloring side will come to the electrode 6 with which minus was 
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impressed to electrode 6' to which plus was impressed with the power source 8 for the un- 
coloring side. When this observes the display of this invention from the drawing upper part, a 
coloring layer (black) can be seen. If the direction of electric field is reversed, it is reversed, and 
when a photoconductivity ball is a white ingredient, white can be seen [ a coloring ball ] towards 
a coloring side observation-side. 

[0016] The foreground color according to the polarity of this electrical potential difference can 
be displayed by operating orthopedically the display medium which consisted of base materials 5 
which have the inside of the cavity 7 filled with the coloring ball and the insulating liquid, 
arranging two or more electrodes to the vertical side of a display medium, and impressing an 
electrical potential difference to inter-electrode [ by which opposite arrangement was carried 
out ], as shown in drawing 10 . 

[0017] Although it is possible to use organic solvents and water, such as toluene and an acetone, 
that what is necessary is just the high liquid of electric insulation as a liquid used for the 
aforementioned insulating liquid, it is desirable to use the liquid of a non-volatile so that the 
dielectric liquid which fills a gap may not volatilize, especially — silicone oil — the content of ion 
or an impurity — low — high — it is a liquid [ **** ] and is desirable. Moreover, an insulating 
liquid contacts a coloring ball, makes the coloring ball front face which has the field which 
consists of two different matter surface-activity-ize, and has the property which induces two 
different electrification charge conditions. 

[0018] Since advancing side by side of a coloring ball is prevented if possible and it has memory 
nature as a dimension of cavity 7 **, about [ than a coloring ball / somewhat larger ] is desirable. 

[0019] Moreover, as an electrode used for driving a coloring ball, in view of an observation side, it 
is required to be light transmission so that the coloring layer formed in the front face of a minute 
ball can be observed. For this reason, transparence electric conduction film, such as Sn02, Ti02, 
ZnO. and ITO, is used. 

[0020] As a base material (light transmission sheet), in order to display the coloring layer of a 
minute ball, an optically transparent thing is required and hard resin and silicone rubber, such as 
polyethylene and polystyrene, glass, etc. are used. 

[0021] The indicating equipment of this invention is applicable to the light-receiving mold 
indicating equipment which displays image information, such as a character, a graphic, and video. 
Moreover, it can see like paper, and can move like paper, an image can be written in. an image 
can be copied, an image can be read, and it can apply also to the paper display which can 
eliminate an image. 

[0022] This invention is very good in another operation gestalt. In the 2nd indicating equipment 
of this invention, the configuration except distributing a coloring ball in the cavity (cavity) formed 
in the base material (light transmission sheet) with the transparent insulating liquid is taken. The 
configuration between which only an insulating liquid is made to be placed between coloring balls 
is taken. 

[0023] One example of the 2nd display of this invention is explained using drawing 1 1 R> 1. As 
for the coloring ball 1 005. the coloring layer is covered by the semi-sphere front face of a 
photoconductivity ball (not shown). It constitutes from space which closed the space between 
the 2nd transparence substrate 1004 which carries out phase opposite with the 1 st transparence 
substrate 1002 which has the 1 st transparent electrode 1001, and the 1st transparence 
substrate, and has the 2nd transparent electrode 1003 by the closure section (not shown), and 
between the coloring balls 1 005 in this space is filled up with the insulating liquid 1 006. The 
closed space is filled up with an insulating liquid and the condition that the coloring ball was 
distributed in the insulating liquid is shown. That is. the configuration which closes the display 
medium which consists of a coloring ball 1005 and an insulating liquid 1006 with the transparence 
substrate which has a transparent electrode is taken. 

[0024] Furthermore, wavelength fields other than a light wavelength field of the display of this 
invention are sufficient as the reflected light. For example, the interior of a room can apply the 
display of this invention also in an infrared light wavelength field. 

[0025] Although either an inorganic material or an organic material is OK as an ingredient of a 
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minute ball as long as there is a photoconductivity, especially a white zinc oxide is desirable. In 

addition to a zinc oxide, photoconductivity matter, such as a cadmium sulfide, a selenium, silicon, 

and a copper phthalocyanine, may be used as a main raw material, and spectral sensitization 

material, binder resin, the charge transportation matter, etc. may be added to this. 

[0026] As a dimension of a minute ball, a thing 200 micrometers or less is desirable so that the 

diameter of a ball may serve as magnitude of 1 pixel or less as a display. 

[0027] As an example of the minute ball formation approach of this invention, the zinc oxide 

solution which grinds and classifies the lump of a zinc oxide as the formation approach of a zinc 

oxide ball can be breathed out from a nozzle, and it can consider as minute ball shape by the 

approach of making a solvent evaporate in an instant etc. 

[0028] Or a minute polymer ball may be made to distribute the particle of a zinc oxide. 
[0029] As the formation approach of a coloring ball, it uses that the above-mentioned minute ball 
has a photoconductivity, and a minute ball is electrified, it exposes from one side on a minute 
ball, and a coloring layer is formed in the semi-sphere front face of a minute ball by being 
developed negatives and established. Each process of electrification, exposure, development, and 
fixing applies to electrophotography. Electrification can use corona discharge. Exposure can use 
the light of the wavelength according to the property of a photoconductivity. It is with a coloring 
toner particle or a magnetic toner, and heat fixing is carried out and carried out, or development 
can be developed in electrified ink or can also be colored with plating. 

[0030] Although development was possible also for any of the positive type with which an umbra 
is colored, and the negative mold (the so-called reversal development) with which a bright 
section is colored conversely, drawin g 3 showed the example of a negative mold. 
[0031] The principle which only the semi-sphere of the minute ball which has a 
photoconductivity is colored is explained briefly. 

[0032] If the insulator layer from which the thickness of a configuration like drawing 6 installed 
on the conductive substrate differs is electrified, corresponding to thickness, surface potential 
will become high. Similarly, if a minute ball is electrified on a conductive substrate, the surface 
potential will not be uniform, the part near a conductive substrate will have low surface potential, 
and, as for the top-most-vertices section of the furthest ball from a conductive substrate, 
surface potential will become high. 

[0033] If positive development is carried out with the toner of reversed polarity in the state of 
this dark, toner concentration will change according to surface potential, and it will be colored 
with [ the top-most-vertices section is deep, and the part near a conductive substrate is thin, 
and ] continuous concentration distribution ( drawing 7 ). 

[0034] Moreover, when homogeneity exposure is changed into said electrification condition from 
the ball top-most-vertices section, since the ball is opaque, the ball lower part from which only 
the upper part of a ball becomes conductivity and serves as a shadow is still high resistance 
( drawing_8 ). The surface charge of the ball top-most-vertices section passes through the 
interior of Ball toward a conductive substrate, and it flows ( drawing 8 broken-line arrow head), 
and it recombines with the electron hole by which the trap was carried out. and surface charge 
disappears. If reversal development is performed impressing bias voltage for this between a 
development counter and a conductive substrate using the toner of surface potential and like- 
pole nature, only the semi-sphere upper part will be colored. 

[0035] Moreover, although the electrofax is known as a thing adapting the xerography using a 
zinc oxide, since it makes a zinc oxide spherical in this invention and the reversible display is 
conventionally enabled by coloring only the semi-sphere and rotating this, it is an essentially 
different display system. 
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EXAMPLE 



[Example] It explains to a detail using an example below. 

[0037] (Example 1) Drawing 1 is the sectional view of the minute ball used for the indicating 
equipment of this invention. Drawing 2 is drawing explaining the color of the minute ball which 
appears from the observation side when irradiating the natural light 4. A minute ball consists of a 
photoconductivity ball opaque in a light wavelength field, and the coloring layer is formed in the 
semi-sphere side. When it sees from an observation side and a minute ball coloring-side turns to 
an observation side from drawing 2 , the color of a coloring layer will be seen ( drawing 2 (a)), and 
when an un-coloring-minute ball side turns to an observation side, the color of the ground of a 
photoconductivity ball can be seen ( drawing 2 (b)). 

[0038] Drawing 3 is the sectional view showing the process of the formation approach of the 
minute ball of this invention. In this example, the zinc-oxide ball with an average diameter of 50 
micrometers was used as a photoconductivity ball 1. The minute ball was sprinkled on the 
conductive substrate 1 1 which consists of an aluminum sheet, 2kV corona electrical charging 
was given to this front face, from the front face, uniform exposure was carried out, the black 
toner with an average diameter [ of LBP-A408 made from canon ] of 5 micrometers performed 
reversal development continuously, and it heated at 1 80 degrees C, and the toner was fused, it 
was established (un-illustrating), and the black coloring layer 2 was formed ( drawing 3 ). 
[0039] In addition, 350nm ultraviolet rays were used for exposure in consideration of the spectral 
characteristic of a zinc oxide. 

[0040] (Example 2) By the same approach as Sheridon which mentioned this colored minute ball 
above, it mixed in the elastomer and shaping hardening of this was carried out at the shape of a 
sheet, by being immersed in silicone oil and making it swell this elastomer sheet, the cavity was 
formed in the perimeter of each minute ball, and the sheet-like display was produced. 
Specifically, said minute ball was distributed in 2 liquid type silicone rubber (Dow Corning sill pot 
184). Next, this dispersed system was developed with a thickness of about 100 micrometers in 
the shape of film on the glass substrate, and heat hardening of this silicone rubber was carried 
out on 100 degrees C and the conditions of 1 hour. Next, exfoliated the above-mentioned minute 
ball dispersion hardening rubber sheet from the glass substrate, and it was immersed into the 
silicone oil (Toshiba Silicone make) of viscosity Ics for 24 hours, this rubber sheet was made to 
swell, and the cavity (five to 10 micrometer clearance) was made to form in the perimeter of a 
minute ball. Next, said rubber sheet was made to pinch with a glass substrate with an ITO 
electrode layer, and the display was produced. When the electric field of **100V were impressed 
to this indicating equipment, and a minute ball rotated within a cavity, the semi-sphere side 
which formed the coloring layer in the observation side according to the polarity of electric field, 
or the non-formed semi-sphere side appeared. The speed of response was 50 or less ms. When 
the (+) side came in detail, the minute ball rotated, the semi-sphere side [ **** / un-] appeared, 
and the display became white from the observation side. [ of the electric field impressed to the 
observation side ] When the polarity of electric field was changed, the semi-sphere side with a 
coloring layer appeared, and black was displayed. That is, in the indicating equipment of this 
invention, the coloring layer was able to be formed only in the semi-sphere side of a white zinc 
oxide ball, and the display equivalent to the conventional technique was able to be offered 
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cheaply. Under the present circumstances, the contrast ratio was about 5:1. Moreover, the 
angle-of-visibility property was **85 degrees or more. That is, in the indicating equipment of this 
invention, the display equivalent to the coloring ball which formed the twoHayer coloring layer 
only in the semi-sphere side of a transparent glass bowl, and formed the black layer in the white 
ball of the conventional technique was able to be offered. 

[0041] As shown above, it became possible to attain 2 color specification with the indicating 
equipment of this invention using a minute ball without the process which whitens. The minute 
ball used for this indicating equipment is easy to be able to use the minute ball of the zinc oxide 
of the white which can be received cheaply, and for the process colored further to also turn into 
a process which forms the coloring layer of a desired color only in the semi-sphere side of a 
minute ball, and to produce the minute ball in which 2 color specification is possible. It became 
possible to press down the price of a display low by this. 

[0042] (Example 3) The 10wt% poly carbo resin THF solution was made to distribute a zinc oxide 
with an average diameter of 5 micrometers by 10wt(s)% concentration, it applied to the glass- 
bowl front face with an average diameter of 50 micrometers uniformly, and fixed support of the 
zinc oxide was carried out into the resin thin film on the front face of a glass bowl. Thereby, a 
photoconductivity and whitening were able to be performed to coincidence. The same means as 
an example 1 colored this. 

[0043] (Example 4) The minute ball which is not colored [ which consists of a zinc oxide ball with 
an average diameter of 50 micrometers ] was mixed in the elastomer by the same approach as 
an example 2, and shaping hardening of this was carried out at the shape of a sheet. The 
elastomer sheet was made to swell, charging and exposing, being immersed in the silicone oil 
which dissolved the black ink which uses Nigrosine as a principal component for this elastomer 
sheet and carrying out liquid development of the zinc-oxide ball to this. And it was fixed to 200 
degrees C by having carried out heating maintenance for 1 minute, and the black coloring layer 
was formed. Excessive ink was continuously washed by ink non-added silicone oil, and the 
minute ball which colored the semi-sphere front face was obtained, and the cavity was formed in 
the perimeter of a minute ball, and the sheet-like display was produced. 

[0044] (Example 5) It exposed carrying out a blue picture element mask in the case of yellow, as 
it is charged and the elastomer sheet ( drawing 5 (a)) was illustrated to drawin g 5 (b) in the 
example 4, and negatives were developed by yellow, the Magenta (Green picture element mask), 
cyanogen (red picture element mask), and the silicone oil that dissolved the ink of one color 
among black (ND picture element mask = mask which has flat absorption in a visible region). 
[0045] Exchanging or moving a picture element mask, this processing was performed about each 
color, yellow, a Magenta, cyanogen, and four black picture elements were formed, and one pixel 
consisted of these four picture elements ( drawing 5 (c)). An image consists of two or more 
pixels. The image of a color is displayed by choosing each picture element of each pixel as white, 
yellow, a Magenta, cyanogen, or black. 

[0046] That is, the process which makes a light transmission sheet distribute two or more 
photoconductivity balls in this example, The electrification process which electrifies these two or 
more photoconductivity balls, and the process which chooses some photoconductivity balls in 
these two or more photoconductivity balls with a mask, On the bright section front face of the 
photoconductivity ball with which it dipped in the exposure process of the selected 
photoconductivity ball which irradiates light on a front face, and the insulating liquid which has a 
charge of a coloring matter, and light was irradiated, in part Yellow, A Magenta, cyanogen, the 
development process that any one electrified charge of a coloring matter is made to adhere 
among blacks, and forms a coloring layer, and the fixing process which fixes this coloring layer to 
this photoconductivity ball front face are repeated successively, and a coloring layer is formed in 
these two or more photoconductivity balls of all. 

[0047] After coloring the semi-sphere front face of two or more minute white balls yellow, a 
Magenta, cyanogen, or black and producing two or more coloring balls by taking the manufacture 
approach of this example, compared with the case where distribute a coloring ball and a display 
is produced so that 1 pixel may be constituted from four picture elements on an elastomer 
sheet, a manufacture process becomes simple. 
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[0048] (Example 6) Drawing 12 shows the outline configuration of an example using the 1 st 
operation gestalt of this invention of a display. Drawing 12 (a) is a top view and drawing 12 (b) is 
a sectional view. First, the rubber sheet 2104 which is made to distribute the coloring ball 2103 
stated in the example 1, and changes with the transparent lower ITO electrode 2102 on the PET 
film 2101 with a thickness of 100 micrometers with which the whole surface was covered was 
formed in 100 micrometers in thickness. The up ITO electrode 2106 stuck the PET film 2105 
with a thickness of 100 micrometers which has the transparent up ITO electrode 2106 by which 
patterning was carried out to the desired configuration on the sheet to apply to said rubber 
sheet 2104 and the sense which counters by pressure. Although the configuration and size of the 
up ITO electrode 2106 needed to be chosen according to desired resolution, in order to simplify, 
by this example, well-known 7 segment type was conventionally used for it. The pulse generator 
2107 was connected with each up electrode 2106. peak value 100V and the square wave of 50ms 
of pulse width were impressed to all electrodes, and the whole surface was made into the white 
condition. Next, it checked that the display (a part of figure and alphabet) which the coloring ball 
2103 rotated only the part which is equivalent to the selected up ITO electrode when the pulse 
of reversed polarity is impressed with previously, black-ized, and used the combination of a 
segment configuration after choosing the thing of arbitration with a switch 2108 among the up 
ITO electrodes 2106 was possible. Moreover, when the pulse (the first pulse and like-pole 
nature) of reversed polarity was impressed to the starting black display segment with the 
previous pulse, it checked that a black display returned to a white display again. 
[0049] (Example 7) It changed into the configuration of 7 segment type used in the example 6. 
and the lower electrode 21 12 and the up electrode 21 13 consisted of stripe-like ITO electrodes. 
Stripe-like ITO electrode width of face and its inter-electrode spacing were set to 40 
micrometers. The lower electrode 21 1 2 and the up electrode 21 13 created the display arranged 
so that it may intersect perpendiculariy mutually. The outline configuration of the display to apply 
is shown in drawing 13 (a) and 13 (b). Peak value 100V and the square wave of 50ms of pulse 
width were added to all the lower electrodes 21 12 and all the up electrodes 21 13 using the non- 
illustrated pulse generator, and the whole surface was made into the white condition. Next, when 
the lower electrode 21 12 and the up electrode 21 13 of arbitration were chosen, the above- 
mentioned pulse generator was used for inter-electrode [ which is built ] and the pulse of 
reversed polarity was impressed, the coloring ball 2103 rotated and black-ized in the field to 
which two electrodes cross. That is. by choosing the combination of the electrode which carries 
out pulse impression, it confirmed indicating the desired field by black. Furthermore, with the 
pulse which brings about a black display, it checked that the amount of black display returned to 
a white display again by impressing the pulse of reversed polarity. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the sectional view of the coloring ball used for the 1 st indicating equipment of 
this invention. 

[Drawing 2] It is drawing explaining the foreground color of the coloring ball which appears from 
the observation side of the 1 st example of this invention. 

[Drawing_3] It is drawing showing the formation process of the coloring ball of the 1 st example of 
this invention. 

[Drawing 4] It is a sectional view explaining the coloring ball of the conventional example. 
[ Drawing 5] It is an example of the result doubled in the sheet the mask, and 4 *♦** in the case 
of colorizing. 

[Drawing 61 It is drawing explaining electrification potential. 

[Drawing 7] It is an example at the time of carrying out positive development at the time of dark. 
[ Drawing _8] It is drawing showing the example at the time of exposing and carrying out reversal 
development from ball top-most vertices. 

[Drawing 9] It is drawing showing the principle of the display of this invention. 

[Drawing 101 It is drawing showing the display of this invention. 

[Drawing 11 1 It is drawing showing the 2nd display of this invention. 

[Drawing 1 21 It is drawing showing the display used for the example 6 of this invention. 

[Drawing 1 3l It is drawing showing the display used for the example 7 of this invention. 

[Description of Notations] 

1 Photoconductivity Ball 

2 Coloring Layer 
4 Natural Light 

31 Substrate 

32 Electrification Machine 

33 Exposure 

34 Development Counter 

41 White Glass Bowl 

42 Black Layer 

51 Sheet Which Distributed Photoconductivity Ball Uniformly 

52 Exposure Mask for Y (Yellow) 

53 Picture Element and Pixel Which were Exposed and Developed with Y, M, C, and Each 
Exposure Mask for Bk 
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DRAWINGS 



[Drawing 11 




[Drawing 3] 
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[Drawing 4] 




[Drawing 5] 
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[Drawing 6] 




[Drawing 9] 
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[Drawing 10] 
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